Studies performed by the NAHMS are designed to provide statistically valid population estimates at the national level. The studies consist of on-premises data collection via administration of questionnaires and collection of biological samples. Owner and operator cooperation is voluntary, and the information provided by owners and operators is strictly confidential.
T
he United States Department of Agriculture, Animal and Plant Health Inspection Service, Veterinary Services, National Animal Health Monitoring System (NAHMS) was created to address the animal health information needs of livestock owners and premises operators, agribusiness, academia, and health regulatory officials in the United States. [1] [2] [3] Studies performed by the NAHMS are designed to provide statistically valid population estimates at the national level. The studies consist of on-premises data collection via administration of questionnaires and collection of biological samples. Owner and operator cooperation is voluntary, and the information provided by owners and operators is strictly confidential.
The Equine '98 Study is the eighth national study performed by the NAHMS. The principal objective of the study was to obtain information on health and management of equids on operations in 28 states in the United States. The second phase of the study included operations with ≥ 3 horses or horse foals and involved gathering further management-and health-related information, along with collection of various biological samples.
Many previous reports of prevalence of fecal shedding of Salmonella spp by horses have used hospital populations or relatively small populations of horses. [4] [5] [6] The purpose of the study reported here was to estimate prevalence of fecal shedding of Salmonella spp among horses in the US horse population. In addition, prevalence of Salmonella spp in grain or other concentrate used as horse feed on the operation was estimated.
Materials and Methods
Selection of premises-The present study represented a portion of the NAHMS Equine '98 Study. Design and implementation of the NAHMS Equine '98 Study were similar to design and implementation of previous NAHMS studies. 7 Briefly, the goal was to obtain national estimates of variables of interest by including equine operations from states that cumulatively contained at least 70% of the equids and 70% of the equine operations in the United States. Operations located in 28 states were included in the Equine '98 Study. These 28 states accounted for 78.2% of the US 1992 census of horses and ponies and 78.0% of farms with horses and ponies in the United States. A multiple-frame estimate (area and list frame) of equids in the United States was performed by the National Agricultural Statistic Service to facilitate selection of a representative sample of equine operations in the 28 states for the NAHMS Equine '98 Study. The initial phase of the NAHMS Equine '98 Study included 2,904 equine operations that reportedly had ≥ 1 equid on Jan 1, 1998. Of these, operations that had ≥ 3 full-sized horses or horse foals on Jan 1, 1998 were eligible to participate in the present study.
Data collection-A survey instrument was developed and pretested, using owners and operators of equine operations in all regions included in the study; these operations were of various sizes and housed equids used for a variety of purposes. To ensure uniformity in data collection and the appropriate collection and transportation of biological samples, each state included in the study appointed a coordinator for the state who attended training sessions prior to the Sep 11, 1998) , and a third time during the winter (Nov 2, 1998 through Mar 3, 1999) . Fecal samples and grain samples were collected either during the summer visit or during the winter visit. The state coordinators scheduled the visits to each operation and determined which operations would have samples collected during the summer and which would have samples collected during the winter.
During either the second or third visit to each operation during phase 2 of the study, fecal samples were collected from horses and foals. Only a single sample was collected from any individual horse or foal, and all samples collected from horses and foals on any individual operation were collected on the same day. The number of horses from which fecal samples were collected was determined on the basis of number of horses resident at the operation. If the operation had ≤ 10 resident horses, fecal samples were collected from all horses; if the operation had between 11 and 19 resident horses, fecal samples were collected from 10; if the operation had between 20 and 49 resident horses, fecal samples were collected from 15; and if the operation had ≥ 50 resident horses, fecal samples were collected from 20. The sampling protocol was designed so that we would be at least 90% confident of detecting at least 1 horse on the operation shedding Salmonella spp in its feces if the true prevalence of fecal shedding was ≥ 10%. If fecal samples were not collected from all horses on an operation, the VMO selected which horses to collect samples from. The VMO were given general instructions that the age, sex, breed, and use distributions of horses from which fecal samples were collected should approximately match the distributions for all horses on the operation.
For each horse from which a fecal sample was collected, the VMO used a latex glove to pick up 2 fresh fecal balls from the ground. Fecal balls were placed in plastic bags identified with a code for the horse and for the operation. Samples were shipped overnight to the Agricultural Research Service laboratory in an insulated box containing ice packs and were refrigerated on arrival. Fecal samples were kept refrigerated until processed and were typically processed within 48 hours after arrival at the laboratory.
At the time of collection of fecal samples, fecal consistency (normal vs loose or watery), age, sex, primary use, breed, deworming history, antimicrobial treatment history, and body condition score (normal, fat, thin) of the horse were recorded, unless horses were housed as a group and individual horse data were unavailable. Cleanliness of the equine housing area of the operation was assessed and classified as poor (ie, could be possible health risk), adequate (ie, area well kept, no concerns by VMO), or good (ie, VMO impressed with the facilities and management of horses). Owners and operators were asked if a resident horse had gone to a veterinary hospital and returned to the premises within the past 6 months.
At the same time fecal samples were collected, a single sample of grain or other concentrate used for horse feed was collected from each operation and submitted for bacterial culture. The grain or other concentrate selected was that which was fed to most horses most of the time and was collected from the container holding the grain or other concentrate just prior to the actual feeding of horses. Grains and concentrates from different sources or of different types were not mixed, even if they were mixed when fed to the horses. Grain or other concentrate samples were collected in plastic bags, and the bags were sealed and shipped to the Agricultural Research Service laboratory, along with the fecal samples. Contents, if any, of animal protein and animal fat in the grain and concentrate samples were determined from the feed tag or from the owners and operators of the equine operations.
Bacterial culture and antimicrobial susceptibility testing-Bacterial culture of fecal samples was performed as described. 8 Briefly, approximately 1 g of each sample was placed in tetrathionate broth, and 1 g was placed in GN Hajna broth. All cultures were incubated at 37 C. After 24 hours, approximately 100 µl from the GN Hajna broth culture was transferred into Rapport R-10 medium (GN-R). After 48 hours, approximately 100 µl from the tetrathionate broth culture was transferred into Rappaport R-10 medium (T-R). The GN-R and T-R cultures were incubated overnight at 37 C and then plated onto brilliant green agar with sulfadiazine and XLT4 agar. After 24 hours, colonies that had the typical appearance of Salmonella spp were selected and transferred to triple sugar iron and lysine iron agar slants. Presumptive Salmonella colonies from the triple sugar iron and lysine iron agar slants were serogrouped by use of serogroup-specific typing sera. Suspected Salmonella spp isolates were then sent to the National Veterinary Services Laboratory (NVSL) in Ames, Iowa, for confirmation of species identification and serotyping.
Confirmed Salmonella isolates were screened for susceptibility to 17 antimicrobials, using full-range minimum inhibitory concentration (MIC) plates in an automated system. 9 Breakpoints used were those recommended by the National Committee on Clinical Laboratory Standards for human Salmonella isolates: amikacin, 64 µg/ml; amoxicillinclavulanic acid, 32 and 116 µg/ml, respectively; ampicillin, 32 µg/ml; apramycin, 32 µg/ml; ceftiofur, 8 µg/ml; ceftriaxone, 64 µg/ml; cephalothin, 32 µg/ml; chloramphenicol, 32 µg/ml; ciprofloxacin, 4 µg/ml; gentamicin, 16 µg/ml; kanamycin, 64 µg/ml; nalidixic acid, 32 µg/ml; streptomycin, 64 µg/dl; sulfamethoxazole, 512 µg/dl; tetracycline, 16 µg/dl; and trimethoprim-sulfamethoxazole, 4 and 76 µg/dl, respectively. A breakpoint for florfenicol has not been determined; therefore, MIC that inhibited growth of 50 and 90% of isolates were determined. 1 Bacterial culture of grain or other concentrate samples was as described for the fecal samples, except that 10 g of each sample was placed in 100 ml of buffered peptone water and incubated overnight at 37 C; 0.1 ml of the culture supernatant was then transferred to tetrathionate broth and GN Hajna broth.
Data analysis-Data were entered into a computer database; the identities of all participants were protected. All data were validated prior to analysis. Characteristics of participants were compared with characteristics of nonparticipants to ensure that information was not biased by nonparticipation. Data from the questionnaire were weighted to population estimates. 10 The sample weight for an operation was the number of equine operations that the participating operation represented and was calculated on the basis of probability of selection of the operation and adjusted for nonresponse. Sample weights were adjusted within region and size categories as the sum of selection weights for all eligible operations divided by the sum of weights for all respondent operations. To create animal level weights, sample weights were further adjusted to account for operation age-specific inventory versus number of horses from which samples were collected. Estimates were expanded to represent the horse population and equine operations in the 28 targeted states. Population estimates and standard errors of estimates were obtained by use of standard software. 11 Prevalence of fecal shedding of Salmonella spp was estimated at the animal level and at the operation level; all estimates were weighted estimates. Only descriptive results are given, and results do not account for confounding influences of other variables. If specific information regarding the source of a fecal sample was lacking (eg, age, sex, breed), results for that sample were excluded from analyses for that category.
Results
Of the 2,904 operations that participated in the initial phase of the NAHMS Equine '98 Study, 1,178 had ≥ 3 horses or horse foals on Jan 1, 1998 and were eligible and indicated a willingness to participate in phase 2 of the study. As a group, these 1,178 operations were estimated to be representative of a reference population that contained 51.6% of equine operations and 83.9% of horses on Jan 1, 1998 in the 28 target states. Fecal samples were collected from horses on 972 (82.5%) of the 1,178 operations participating in phase 2 of the study.
A total of 8,417 fecal samples were submitted and cultured for Salmonella spp. Of these, 4,643 were collected during the summer collection period and 3,774 were collected during the winter collection period. Between 1 and 4 fecal samples were collected from 276 (28.4%) operations, between 5 and 10 samples were collected from 425 (43.7%), between 11 and 15 samples were collected from 202 (20.8%), and between 16 and 20 samples were collected from 69 (7.1%). For 21 operations, only 1 fecal sample was positive for Salmonella spp. For 6 operations, ≥ 1 fecal sample was positive for Salmonella spp. Of these, 3 operations had 2 fecal samples positive for Salmonella spp, 2 operations had 3 fecal samples positive for Salmonella spp, and 1 operation had 4 fecal samples positive for Salmonella spp. Isolates were from 8 serogroups and represented 14 serotypes (Table 1) .
Overall, 0.8% (SE, 0.5) of resident horses shed Salmonella spp in their feces ( Table 2) . The animallevel prevalence of fecal shedding of Salmonella spp was higher during the summer than during the winter and among horses from southern a rather than northern states, b horses between 18 months and 5 years old versus older or younger horses, female versus male horses (stallions, colts, and geldings), horses with loose, watery feces versus horses with normal fecal consistency, horses reportedly not given antibiotics within the previous 30 days versus horses that were, horses that were thin versus horses that were normal or fat, and horses on operations rated as having poor cleanliness versus horses on operations rated as having good or adequate cleanliness.
An operation was considered positive for fecal shedding of Salmonella spp if Salmonella spp was detected in feces from ≥ 1 horse or foal on the operation. The overall prevalence of operations positive for fecal shedding of Salmonella spp was 1.8% (SE, 0.7; Table 3 ). The operation-level prevalence of fecal shedding of Salmonella spp was higher during the summer than during the winter and among operations from southern rather than northern states, among operations with ≥ 20 horses versus operations with fewer horses, among operations from which > 15 fecal samples were tested, among operations used primarily as breeding facilities and that housed mainly breeding animals, among operations that had not had any horses travel to a veterinary hospital and return within the preceding 6 months, and among operations rated as having poor cleanliness versus operations rated as having good or adequate cleanliness.
Samples of grain or other concentrate from 895 of the operations were tested for Salmonella spp. The weighted estimate of the prevalence of samples positive for Salmonella spp was 0.4%. All samples from which Salmonella spp was isolated were collected during the winter from operations in different states. Three Salmonella serotypes were identified: Salmonella sen- Antimicrobial susceptibility of the Salmonella isolates was determined, and most isolates were susceptible to most antimicrobials tested. One or more isolates were resistant to streptomycin, sulfamethoxazole, tetracycline, ampicillin, and chloramphenicol. Only 1 isolate (S johannesburg) was resistant to 5 antimicrobials; this isolate was obtained from a feed sample.
Discussion
Results of the present study suggest that the national prevalence of fecal shedding of Salmonella spp by horses in the United States was 0.8%, and that prevalence of Salmonella spp in grain or other concentrate used for horse feed was 0.4%. Percentage of horses infected or colonized with Salmonella spp reported in previous studies has ranged from 1% to 70%. [1] [2] [3] [12] [13] [14] However, it is difficult to compare results of these studies because of differences in the type of sample tested (feces, lymph nodes), number of samples tested per horse (1 or multiple), test methods used (various bacterial culture methods vs polymerase chain reaction assays), and differences in populations of horses tested (general horse population vs horses with clinical signs of salmonellosis). It is important to recognize that prevalence of fecal shedding of Salmonella spp among horses in a hospital population is likely to be different from prevalence among the general horse population, because many hospitalized horses have been transported recently, have 1 or more health problems, or have received antimicrobials. Results of the present study contribute to our understanding of the epidemiology of Salmonella fecal shedding in horses, as they are based on a sample of horses representative of horses in 28 states and reflect fecal shedding by horses in the general population. One factor contributing to the low prevalence of fecal shedding of Salmonella spp observed in this study may have been the population examined-horses and foals from the general population in their home environment.
To determine the true Salmonella infection status of any given horse, multiple fecal samples would have to be collected and submitted for bacterial culture. The minimum number of fecal samples that must be collected has not been definitively determined, but a range of 3 to 5 samples collected on a daily basis has been recommended. 4 It is important to recognize that the goal of the present study was not to determine the percentage of horses infected with Salmonella spp, but rather to determine the percentage that would be shedding the organism at any given time and the Salmonella serotypes being shed.
Factors that may affect recovery of Salmonella spp from fecal samples are the methods of collection and shipment and the methods of identification or isolation in the laboratory. Through training of data collectors, validation of methods, and pretesting of collection and culture systems, we considered the methods used in the present study optimal for recovery of Salmonella spp.
Caution must be used in interpreting prevalence of fecal shedding of Salmonella spp reported by categories (eg, season, fecal consistency). Although point estimates may appear different among categories, when the standard errors of the estimates were considered, there was overlap of the 90% confidence intervals for all categories for prevalence of shedding at the horse level and for most categories for prevalence of shedding at the operation level. The operation-level prevalence estimates were different for operations with ≥ 20 horses versus < 6 horses, operations that housed horses primarily for breeding versus operations that housed horses for other reasons, and operations that had not had any horses travel to a veterinary hospital and return within the preceding 6 months versus operations that had. However, confounding effects on these associations could not be determined from the available data. The purpose of the present study was only to describe the distribution of fecal shedding of Salmonella spp in horses.
Salmonella isolates obtained in the present study were classified into serogroups on the basis of somatic (O) antigens and serotyped on the basis of O and flagellar (H) antigens. It has been suggested that 90% of clinical salmonellosis in humans and animals has been caused by only a few serotypes in 4 serogroups (B, C, D, and E). 6 Thus, it is important when studying the epidemiology of salmonellosis not only to know whether Salmonella spp were isolated but also to determine the serotypes and antibiograms of Salmonella isolates that are recovered. Distinctions regarding common sources can potentially be made on the basis of similarity among serotypes and antibiograms.
The NVSL provides a serotyping service for veterinary diagnostic and clinical laboratories. Data are tabulated by specimen and animal species of origin; classified as to having been isolated from a primary or secondary infection or as a result of monitoring of environmental, feed, and other samples; and identified as to state of origin of the isolate. 15 The 10 serotypes most frequently isolated from samples submitted from horses with salmonellosis during 1997 and 1998 were Salmonella typhimurium (n = 137), Salmonella typhimurium copenhagen (81), Salmonella anatum (70), Salmonella infantis (28), Salmonella thompson (23), Salmonella rubislaw (18), Salmonella oranienburg (16) , Salmonella muenchen (16) , and Salmonella muenster (14). In addition, 130 other Salmonella isolates were obtained during this time.
Salmonella isolates obtained from feces and grain or other concentrate in the present study represented 14 serotypes in 8 serogroups. When these isolates were compared with isolates most frequently obtained from horses with salmonellosis, as reported by the NVSL, 15 some distinct differences were found. Although S typhimurium (copenhagen) was isolated from 3 fecal samples in the present study, it was not the most frequently identified serotype. The most commonly identified serotype in the present study was S muenchen, which was the eighth most commonly identified serotype in the data from the NVSL. 15 Several serotypes identified by the NVSL as being among the 10 most frequently identified isolates were not identified in the present study, and several serotypes identified in the present study were not identified by the NVSL as being among the 10 most frequently identified isolates from clinically ill horses.
To our knowledge, the prevalence of Salmonella spp in grain or other concentrate used as horse feed has not been reported previously. Feed has been implicated as a source of Salmonella spp in an outbreak of equine neonatal septicemia, 16 and feed may be contaminated with Salmonella spp at multiple times between harvesting of feed ingredients and storage of the feed at the farm. The serotypes of Salmonella spp identified in grain or other concentrate in the present study were not those typically associated with clinical salmonellosis in horses, nor was Salmonella spp identified in feces from horses on those operations with feed positive for Salmonella spp. It would appear from this study that the prevalence of Salmonella spp in grain or other concentrate used for horse feed was lower than the prevalence in feed for swine. 17 The American Protein Producers Industry conducted a study at 254 plants during the first 2 quarters of 1998 and did not identify any isolates from protein meal as S typhimurium, Salmonella choleraesuis, or Salmonella enteritidis.
18
Most of the grain or other concentrate tested in the present study did not contain animal protein or fat. Thus, the role that products of animal origin play in contamination of equine feeds with Salmonella spp is unclear at this time.
Although data regarding number of horses treated with antimicrobials and type of antimicrobials used were lacking, we believe, on the basis of our experience, that the antimicrobials most commonly used in equine medicine include penicillin, trimethoprim-sulfonamide, aminoglycosides, and ceftiofur. Most Salmonella isolates in the present study were susceptible to most of the antimicrobials tested, suggesting that use of antimicrobials has not yet resulted in development of substantial resistance among Salmonella isolates from the general horse population. However, continued monitoring and prudent use of antimicrobials is warranted. 
